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(57) ABSTRACT

Themvention relates to an 1llumination device (1) comprising
at least one preferably ceramic substrate plate (2), at least one
luminous element (3) arranged on a front side (A) of the
substrate plate (2) in particular at least one light emitting
diode (LED) (3), and at least one preferably metallic heat sink
(4) connected, 1n particular adhesively bonded and/or sol-
dered, to a rear side (B) of the substrate plate (2) over a large
area, wherein the coellicients of thermal expansion of sub-
strate plate (2) and heat sink (4) differ at least by the factor 1.3,
in particular by a factor greater than 2. The heat sink (4) has at
least one preferably linear recess (6) on 1ts side facing the rear
side (B) of the substrate plate (2).

21 Claims, 3 Drawing Sheets
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ILLUMINATION DEVICE COMPRISING A
SUBSTRATE PLATE AND A HEAT SINK

TECHNICAL FIELD

The invention relates to an 1llumination device comprising,
at least one preferably ceramic substrate plate, at least one
luminous element arranged on a front side of the substrate
plate 1n particular at least one light emitting diode (LED), and
at least one preferably metallic heat sink connected, 1n par-
ticular adhesively bonded and/or soldered, to a rear side of the
substrate plate over a large area, wherein the coellicients of
thermal expansion of substrate plate and heat sink differ at
least by the factor 1.5, 1n particular by a factor greater than 2.

PRIOR ART

Luminous elements, 1n particular including light emitting
diodes, often generate during operation large amounts of heat
that have to be reliably dissipated for saie and permanent
operation. If the luminous elements are applied on the top side
of an electrically nonconductive substrate plate, the heat dis-
sipation 1s usually eflected via a heat sink arranged on the rear
side of the substrate plate. Owing to the good thermal con-
ductivity, heat sinks are usually produced from metal and can
have additional devices for better heat dissipation, such as, for
example, fans or cooling channels for a cooling fluid to flow
through.

In order to enable a good heat transfer from the substrate
plate to the heat sink, the heat sink 1s usually connected to the
substrate plate over the whole area, 1n particular adhesively
bonded or soldered by means of a connecting layer. What 1s
disadvantageous about arrangements of this type, however, 1s
the high thermally induced mechanical stresses in the sub-
strate plate, the heat sink and also the connecting layer pos-
sibly situated in between, which result from the different
coellicients of thermal expansion of the individual compo-
nents. Even 1f the thermally induced stresses can be compen-
sated for to a limited extent by means of the connecting layer,
these stresses nevertheless limit the maximum size of the heat
sink currently to diagonal dimensions of approximately 10
mm.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide an 1llumi-
nation device comprising at least one preferably ceramic sub-
strate plate, at least one luminous element arranged on a front
side of the substrate plate 1n particular at least one light
emitting diode (LED), and at least one preferably metallic
heat sink connected, 1n particular adhesively bonded and/or
soldered, to a rear side of the substrate plate over a large area,
wherein the coelficients of thermal expansion of substrate
plate and heat sink differ at least by the factor 1.5, in particular
by a factor greater than 2.

This object 1s achieved by means of the characterizing
features of claim 1. Particular advantageous configurations
are found in the dependent claims.

By virtue of the heat sink having at least one preferably
linear recess on 1ts side facing the rear side of the substrate
plate, there 1s the possibility of at least partly compensating,
for the different thermal expansions of heat sink and substrate
plate 1n that the segments of the heat sink which adjoin the
sides of the recess can expand in a direction of the recess. In
this case, recesses regarded as linear are those which, 1n each
case measured 1n the plane of the substrate plate, have in one
direction at least double the extent, in particular a more than
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S-fold extent, preferably even more than 10-fold extent, by
comparison with the extent in a direction oriented through
90° relative thereto.

In an expedient development of the invention, at least two
segments of the heat sink are provided which are completely
separated from one another by at least one preferably linear
recess 1n the connecting plane with respect to the substrate
plate. As a result, for example locally different conditions on
the substrate plate can be taken into account by virtue of
regions of the substrate plate with significantly different loads
in each case being allocated dedicated segments of the heat
sink. It goes without saying that the segments can be con-
nected to one another in a different plane than the connecting
plane with respect to the substrate plate, for example at the
bottom of the recess.

It 1s furthermore expedient if the preferably linear recess
extends from one side face of the heat sink to another side face
of the heat sink. This ensures that a suificient possibility of
compensation for the different thermal expansions of sub-
strate plate and heat sink 1s provided 1n edge regions of the
heat sink as well. The interface between the heat sink and the
substrate plate can thus moreover simply be subdivided 1nto
at least two segments. Furthermore, air can flow through the
recess and thus support the cooling etfect of the heat sink.

It 1s particularly advantageous 11 the heat sink has at least
two linear recesses. It 1s thereby possible to perform a par-
ticularly effective subdivision of the interface of the heat sink
into a plurality of segments.

By virtue of the fact that at least two linear recesses are
arranged at least 1n sections at an 1dentical distance from one
another, a particularly simple construction i1s obtained and the
segment situated between the recesses has approximately
homogeneous conditions as a result of 1ts homogeneous
width.

It 1s likewise advantageous 1f at least one linear recess 1s
formed 1n rectilinear fashion at least 1n sections. A rectilinear
formation can be produced 1n a simple manner. As a result of
the simple geometrical conditions, moreover, the properties
of the 1llumination device can be predicted 1n a stmple man-
ner, whereby for example limit values for safe operation can
be defined 1n a simple manner. Furthermore, 1in the case of a
rectilinear recess, the throughflow with air 1s possible 1n a
particularly simple and low-resistance manner, whereby an
elfective additional cooling can be achieved.

By virtue of the fact that at least two linear recesses have at
least one point of intersection, an advantageous embodiment
of the mvention 1s likewise obtained since compensation of
the ditlerent thermal expansions of the components 1n difier-
ent directions 1s made possible particularly well in this way. A
subdivision of the heat sink into a plurality of segments can
also be produced 1n a simple manner in this way.

It 1s particularly advantageous if the at least two segments
of the heat sink which are completely separated from one
another are connected to a common basic body. In this case,
basic body should be understood to mean any form of
approximately planar body which extends substantially over
the entire area of the heat sink. A common basic body enables
a particularly eflective dissipation of the heat from the seg-
ments at the iterface with the substrate plate, wherein at the

same time the mounting of the heat sink 1s facilitated and a
simple thermal compensation between the segments 1s also
made possible.

In addition, 1t 1s advantageous 11 at least one segment of the
heat sink and the common basic body are formed 1n one piece.
This enables a particularly simple production and handling of
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the heat sink. The thermal linking between the basic body and
the segment adjoining the substrate plate 1s moreover particu-
larly good with this design.

Expediently, the linear dimensions of a segment of the heat
sink 1n the connecting plane with respect to the substrate plate
independently of the measurement direction are less than 20
mm, preferably less than 10 mm, particularly preferably less
than 5 mm. As a result, the stresses 1n the individual segments
and also in the substrate plate are reduced to a noncritical
amount.

It 1s likewise advantageous 11 at least one of the segments 1s
connected to the basic body by means of a mechanical con-
necting element. The mechanical connection can be effected
for example by means of plug, screw or rivet connections. As
a result, the two components can be separated from one
another or connected to one another 1n a simple manner. This
also makes 1t possible, using identical individual compo-
nents, to construct heat sinks having different configurations
and thus to adapt them to different substrate plates.

Furthermore, 1t 1s expedient 11 at least one of the segments
1s connected to the basic body by means of an adhesive
bonding connection. Adhesive bonding connections can be
produced 1n a simple manner and make 1t possible, in a
particularly simple manner, using identical individual com-
ponents, to construct heat sinks having different configura-
tions and thus to adapt them to different substrate plates.

It 1s expedient 1f at least one segment of the heat sink has a
rectangular, in particular square, outer contour in the connect-
ing plane with respect to the substrate plate. Contours of this
type can be produced 1n a simple manner.

In a further expedient configuration of the invention, at
least one segment of the heat sink has an elliptical, 1n particu-
lar circular, outer contour 1n the connecting plane with respect
to the substrate plate. Outer contours of this type can likewise
be produced 1n a simple manner and are advantageous in
particular in the case of throughflow with a fluid on account of
the lack of corners and edges.

It 1s particularly advantageous 11 at least one segment of the
heat sink has at least one recess which 1s not connected to the
substrate plate. Recesses of this type are particularly suitable

for achieving an additional throughflow of a cooling fluid
through the heat sink.

It 1s likewise particularly advantageous 11 at least one seg-
ment 1s formed 1n approximately U-shaped fashion, wherein
the opening of the U 1s remote from the substrate plate. This
provides a recess in the heat sink which permits a good
throughput of a cooling fluid, while a good thermal linking of
the heat sink to the substrate plate 1s ensured at the same time.

In a particularly advantageous configuration of the mven-
tion, the heat sink 1s formed at least partly from bent sheet
metal. This enables both a simple production, particularly in
the case of U-shaped segments of the heat sink, and a good
circulation of cooling arr.

Expediently, the heat sink 1s formed substantially from
aluminum and/or an aluminum alloy. Aluminum has a high
f1ll conductivity, 1s light and can be processed simply and
cost-elfectively.

It 1s furthermore expedient 1f the heat sink 1s formed sub-
stantially from copper and/or a copper alloy. Copper has a
high thermal conductivity and is therefore particularly well
suited to heat sinks. Moreover, the thermal expansion 1s
smaller than in the case of aluminum.

In a further advantageous development of the invention, the
substrate plate 1s formed substantially from Al,O, and/or
AIN. These materials are electrically msulating, have good
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4

mechanical properties and can be produced relatively cost-
elfectively. Moreover, AIN has a relatively good thermal con-
ductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained 1n more detail below on the
basis of exemplary embodiments. In the figures:

FIG. 1 shows a first embodiment of an 1llumination device
according to the invention 1n a lateral sectional view 1llustra-
tion,

FIG. 2 shows a second embodiment of an illumination
device according to the mvention 1n a lateral sectional view
illustration,

FIG. 3 shows a third embodiment of an 1llumination device
according to the mnvention 1n a lateral sectional view 1llustra-
tion.

FIG. 4 shows an embodiment of a heat sink having a
circular outer contour and two sections.

The elements 1llustrated and the size relationships among
one another should not be regarded as true to scale, in prin-
ciple; rather, individual elements such as, for example, layers,
structural parts, components and regions may be illustrated
with an exaggerated thickness or size dimensions for the sake
ol better representability and/or for the sake of a better under-
standing.

Preferred Embodiment of the Invention

FIG. 1 shows a first embodiment of an i1llumination device
1A, 1B according to the mnvention in a lateral sectional view
illustration, wherein the illumination device 1A 1s 1llustrated
in a cold state on the left, while conditions upon reaching the
operating temperature are represented on the right 4B. Here
as 1n all the figures, 1n particular the height of the 1llumination
device 1A-1E and also the extent of the thermal expansions
are 1llustrated 1n a greatly exaggerated manner.

The 1llumination device 1A-1B essentially comprises a
substrate plate 2, light emitting diodes (LEDs) 3 as luminous
clements being arranged on the front side A of said substrate
plate. A heat sink 4 1s adhesively bonded over a large area on
the rear side B of the substrate plate 2 by means of a connect-
ing layer 3.

The heat sink 4 1s produced from an aluminum alloy, while
the substrate plate 2 1s formed from Al,O;. The coellicient of
thermal expansion for Al,O; 1s apprommately 6.8%107°/K,
while aluminum typlcally has a value of 24*107°/K. The
connecting layer 1s formed as an adhesive bonding connec-
tion based on epoxy resin.

The heat sink 4 1s pervaded by linear recesses 6 at the
interface C with the substrate plate 2, said recesses extending
rectilinearly 1n each case from a side face 7 of the heat sink 4
to an opposite side face (not visible here). In the present
exemplary embodiment, the recesses 6 are arranged equidis-
tantly and parallel to one another.

Further parallel linear recesses (likewise not visible here)
are arranged orthogonally with respect thereto, which
recesses 1ntersect the recesses 6 at an angle of approximately
90° and are likewise arranged equidistantly among one
another, thus resulting 1n individual square segments 8 of the
heat sink 4 which are connected to the substrate plate 2.

The segments 8 are mterconnected by means of a common
basic body 9, wherein the segments 8 and the basic body 9 are
embodied 1n one piece 1n the exemplary embodiment shown.
As a result, the heat sink 4 can be produced simply and
cost-elfectively, for example as a cast component, or by virtue
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the recesses 6 being worked from a parallelepipedal block by
suitable machining, for example sawing.

Ifthe LEDs 3 become warm during operation, then both the
substrate plate 2 and the heat sink 4 expand, which 1s 1llus-
trated 1n a greatly exaggerated manner on the right-hand side
of FIG. 1. The heat sink 4 has a temperature gradient perpen-
dicular to the surface B of the substrate plate 2, such that the
thermal expansion 1s smaller 1n the region of the basic body 9
than near the interface C with the substrate plate 2, where
substrate plate 2 and heat sink 4 are at practically the same
temperature. By means of the linear recesses 6, the expansion
of the segments 8 of the heat sink 4 parallel to the surface B 1s
practically not impeded; 1n particular, the overall expansion
of the heat sink 4 in the region of the mnterface C 1s signifi-
cantly smaller than would be the case for a heat sink without
the recesses 6 according to the invention, since the recesses 6
act virtually as expansion joints.

In this case, the width and also the depth of the recesses 6
are chosen such that, on the one hand, there 1s suificient space
available for the thermal expansion of the adjacent segments
8, and, on the other hand, a suilicient heat transport away from
the substrate plate 2 1s ensured. Furthermore, the differences
in thermal expansion between the basic body 9 and the seg-
ments 8 have been taken into account particularly i the
choice of the depth of the recesses 6, such that the expansion
of the basic body 9 approximately corresponds to that of the
substrate plate 2.

A further example of an 1llumination device according to
the 1nvention 1s illumination device 1C, 1D shown 1n FIG. 2.
This figure once again shows the state with the device
switched off on the left (1C) and at operating temperature on
the right (1D). The basic construction of the i1lluminating
device 1C, 1D comprising LEDs 3, a substrate plate 2, a
connecting layer 5 and a heat sink 4 essentially corresponds to
the 1lluminating device 1A, 1B shown 1n FIG. 1.

In this exemplary embodiment, however, the segments 8 of
the heat sink 4 which are 1n contact with the substrate plate 2
are connected to the basic body 9 by means of a further
connecting layer 10. In the exemplary embodiment shown,
the connecting layer 10 1s formed from an adhesive based on
epoxy resin. The recesses 6 are embodied analogously to the
previous exemplary embodiment, that 1s to say as two groups
of rectilinear grooves arranged equidistantly, of which one
group intersects the other at an angle of 90° , such that the
individual segments 8 have a square outer contour.

If the 1llumination device 1C, 1D 1s 1n the operating state,
as 1llustrated on the right in FIG. 2 (10), the segments 8 can
expand, wherein the width of the recesses 6 1s reduced. The
connecting layer 10 between the segments 8 and the basic
body 9 significantly reduces the stresses 1n this part of the heat
sink 4 by comparison with the one-piece embodiment 1n
accordance with the first exemplary embodiment. Moreover,
heat sinks 4 1n accordance with this exemplary embodiment
can easily be produced in different sizes or forms by using a
basic body 9 of suitable size or form and equipping 1t with
standardized segments 8.

A turther embodiment of the invention 1s shown in FIG. 3.
This differs from the previous exemplary embodiments by
virtue of the configuration of the heat sink 4. An adaptor 11 1s
arranged on a basic body 9, said adaptor in turn being con-
nected to the substrate plate 2 by means of a connecting layer
5.

In 1llumination device 1E, 1F the adaptor 11 is bent from
sheet metal, wherein the individual segments 8 connected to
the substrate plate 2 are formed 1n U-shaped fashion and the
opening 12 of the recess 13 forming the U points away from
the substrate plate 2. The segments 8 are in turn connected to
one another via connecting parts 14, whereby rectangular
recesses 6 according to the mvention are formed which per-
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6

vade the heat sink 4, thus resulting overall in a lamellar
construction of the adaptor 11.

In addition, the connecting parts 14 are connected to the
basic body 9 via a connecting layer 10, wherein the connect-
ing layers 5, 10 are embodied as soldering connections 1n this
exemplary embodiment. In the exemplary embodiment
shown, the recesses 6 are rectilinear and extend from one side
tace 7 of the heat sink 4 to the other. No recesses 6 are
provided in the transverse direction, whereby this construc-
tion 1s suitable in particular for substrate plates 2 whose
expansion in one direction (here 1n the plane of the drawing)
1s significantly greater than perpendicularly thereto (and thus
perpendicularly to the plane of the drawing). In the case of
square substrate plates 2, 1t 1s possible to use a plurality of
lamellar adaptors 11 arranged in a manner spaced apart from
one another, such that the interspaces again form linear
recesses 0.

At operating temperature, the state shown on the right (1E)
in FI1G. 3 schematically arises, wherein the adaptor 11 of the
heat sink 4 experiences 1ts maximum expansion at the inter-
tace C with the substrate plate 2. Regions situated at a deeper
level, 1n particular the connecting parts 14 and the basic body
9, by contrast, almost do not expand at all. The relatively
small wall thickness of the adaptor 11 produced from sheet
metal contributes to the fact that firstly the mechanical load-
ing for the connecting layer 10 1s reduced, and that secondly
the differences in the thermal expansions within the heat sink
4, which result from the temperature gradient prevailing
there, are also absorbed by the deformation of the side walls
15 of the recesses 6.

In addition, 1n this exemplary embodiment, that cross-
sectional area of the heat sink 4 through which cooling air can
flow does not decrease as the temperature increases, since,
with the reduction of the cross section of the recesses 6 as a
result of the thermal expansion of the parts 16 of the adaptor
11 which are arranged at the interface C with the substrate
plate 2, the cross section of the U-shaped segments 8 simul-
taneously widens. Consequently, the 1n any case good supply
of a cooling medium 1n this embodiment of the invention
remains approximately the same 1n all operating states. With
this design, with the same adaptor 11, the form of the basic
body 9 can be adapted to the application, that 1s to say that for
example the thickness ol the basic body 9 can vary or the basic
body 9 can even be completely dispensed with.

It goes without saying that embodiments of the imvention
other than those shown 1n the exemplary embodiments are
also concervable. Thus, 1n particular the form of the recesses
6 and therefore also, 1 appropriate, that of the segments 8 of
the heat sink 4 which are separated from one another by the
recesses 6 can deviate significantly from the forms shown,
depending on the application. In this case, the form and
dimensions of the segments 8 depend principally on the dis-
tribution and intensity of the luminous elements 2 and of other
heat sources on the substrate plate 2.

In particular, 1t 1s concervable for the recess 6 not to be led
in rectilinear fashion, but rather 1n circular or elliptical fash-
1ion, and thus for one or a plurality of circular segments 8 to be
provided which are assigned for example to individual heat
sources, such as LEDs 3 or LED clusters. Embodiments 1n
which linear recesses 6 intersect at an angle that deviates from

90° are also conceivable.
The dimensions of the recesses 6 are defined on the basis of

the requirements; 1n general, it 1s expedient to keep the width
as small as possible 1n order that the heat sink 4 can be linked
to the substrate plate 2 over a largest possible area. However,
the side walls 135 of the recesses 6 need not necessarily run
perpendicular to the substrate plate 2; 1n particular, recesses 6
that taper or widen toward the base are conceivable 1n order
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for example to set a specific temperature gradient 1n the heat
sink 4 or to compensate for the locally different thermal
expansions.

The basic body 9 can furthermore be connected to the
adaptor 11 or the segments 8 by means of one or more
mechanical connecting elements. A multiplicity of possibili-
ties, such as, for example, screw connections, clamping,
shrink, plug or sliding connections, are known to the person
skilled 1n the art for this purpose.

The configuration of the basic body 9 can also deviate
considerably from the simple parallelpepiped illustrated here;
in particular, recesses that are not connected to the substrate
plate 2, for example 1n the form of cooling channels, can also
be provided 1n the basic body 9. In particular, the heat sink 4
can have cooling fins on the side remote from the substrate
plate 2, said cooling fins likewise defining recesses.

Instead of aluminum, another material having good ther-
mal conductivity can also be used for the heat sink 4, in
particular copper or a copper-based alloy. Furthermore, it 1s
also conceivable to produce the basic body 9 of the heat sink
4 from a different material than the segments 8 and/or the
adaptor 11.

For the substrate plate 2, too 1t 1s possible to use all mate-
rials that are known to the person skilled 1n the art for appli-
cations of this type. Alongside Al,O,, this 15 AIN, 1n particu-
lar, on account of 1t high thermal conductivity.

The connecting layers 5, 10 serve not only for intercon-
necting the adjacent components but also for compensating
for their different thermal expansions. At the same time, a
good thermal conductivity 1s advantageous. A multiplicity of
possible adhesive bonding or soldering connections accord-
ing to the prior art for the connection of electronic compo-
nents are known to the person skilled in the art for this pur-
pose.

The mvention claimed 1s:

1. An 1llumination device (1) comprising at least one sub-
strate plate (2), at least one luminous element (3) arranged on
a front side (A) of the substrate plate (2), and at least one heat
sink (4) connected to a rear side (B) of the substrate plate (2)
over a large area, wherein the coetlicients of thermal expan-
sion of substrate plate (2) and heat sink (4) differ at least by
the factor 1.5, characterized in that the heat sink (4) has at
least one recess (6) on 1ts side facing the rear side (B) of the
substrate plate (2).

2. The illumination device (1) as claimed in claim 1,
wherein at least two segments (8) of the heat sink (4) are
provided which are completely separated from one another
by at least one linear recess (6) 1n the connecting plane with
respect to the substrate plate (2).

3. The 1llumination device (1) as claimed 1n claim 1, char-
acterized 1n that the heat sink (4) has at least two linear
recesses (6).

4. The 1llumination device (1) as claimed 1n claim 1, char-
acterized 1n that at least two linear recesses (6) are parallel.

5. The 1llumination device (1) as claimed 1n claim 1, char-
acterized 1n that at least one linear recess (6) 1s formed 1n
rectilinear fashion at least in sections.

6. The 1llumination device (1) as claimed 1n claim 3, char-
acterized 1n that at least two linear recesses (6) have at least
one point of 1ntersection.

7. The illumination device (1) as claimed in claim 2, char-
acterized 1n that the at least two segments (8) of the heat sink
(4) which are completely separated from one another are
connected to a common basic body (9).

8. The 1llumination device (1) as claimed 1n claim 2, char-
acterized 1n that at least one segment (8) of the heat sink (4)
and the common basic body (9) are formed 1n one piece.
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9. The 1llumination device (1) as claimed 1n claim 2, char-
acterized 1n that the linear dimensions of a segment (8) of the
heat sink (4) 1n the connecting plane with respect to the
substrate plate (2) independently of the measurement direc-
tion are less than 20 mm.

10. The 1llumination device (1) as claimed in claim 2,
characterized in that at least one of the segments (8) 1s con-
nected to the basic body (9) by means of a mechanical con-
necting element.

11. The 1llumination device (1) as claimed in claim 2,
characterized in that at least one of the segments (8) 1s con-
nected to the basic body (9) by means of an adhesive bonding
connection (10).

12. The illumination device (1) as claimed in claim 2,
characterized 1n that at least one segment (8) of the heat sink
(4) has a rectangular, 1n particular square, outer contour in the
connecting plane with respect to the substrate plate (2).

13. The illumination device (1) as claimed 1 claim 2,
characterized 1n that at least one segment (8) of the heat sink
(4) has an elliptical, outer contour 1n the connecting plane
with respect to the substrate plate (2).

14. An illumination device (1) comprising at least one
substrate plate (2), at least one luminous element (3) arranged
on a front side (A) of the substrate plate (2), and at least one
heat sink (4) connected, to a rear side (B) of the substrate plate
(2) over a large area, wherein the coeflicients of thermal
expansion of substrate plate (2) and heat sink (4) differ at least
by the factor 1.5, characterized 1n that at least one segment (6)
of the heat sink (4) which 1s not connected to the substrate
plate (2).

15. An 1llumination device (1) comprising at least one
substrate plate (2), at least one luminous element (3) arranged
on a front side (A) of the substrate plate (2), and at least one
heat sink (4) connected to arear side (B) of the substrate plate
(2) over a large area, wherein the coeflicients of thermal
expansion of substrate plate (2) and heat sink (4) differ at least
by the factor 1.5, characterized 1n that at least one segment (8)
of the heat sink (4) 1s formed in approximately U-shaped
fashion, wherein the opening (13) of the U 1s remote from the
substrate plate (2).

16. An 1llumination device (1) comprising at least one
substrate plate (2), at least one luminous element (3) arranged
on a front side (A) of the substrate plate and at least one heat
sink (4) connected, to a rear side (B) of the substrate plate (2)
over a large area, wherein the coelficients of thermal expan-
sion of substrate plate (2) and heat sink (4) differ at least by
the factor 1.3, characterized in that the heat sink (4) 1s formed
at least partly from bent sheet metal.

17. The 1llumination device (1) as claimed i claim 1,
characterized 1n that the heat sink (4) 1s formed substantially
from aluminum and/or an aluminum alloy.

18. The illumination device (1) as claimed i claim 1,
characterized 1n that the heat sink (4) 1s formed substantially
from copper and/or a copper alloy.

19. The illumination device (1) as claimed in claim 1,
characterized in that the substrate plate (2) 1s formed substan-
tially from Al,O, and/or AIN.

20. The 1llumination device as claimed 1n claim 1 wherein

the substrate plate 1s a ceramic substrate plate;

the at least one luminous element i1s a light emitting

diode(s);

the heat sink 1s metallic and 1s connected to the rear side by

being adhesively bonded and/or soldered; and

the coellicient of thermal expansion differs by a factor

greater than 2.

21. The illumination device (1) as claimed 1n claim 13,
characterized 1n that the elliptical outer contour 1n the con-
necting plane with respect to the substrate plate (2) 1s circular.
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